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INTRODUCTION

This report pr‘eseiit_é the results of a study made on the effect of air-to-
air refueling on the mission capability of the proposed Lockhéed A-11 air-

craft. The characteristics of this airplane are described in Lockheed

“Report SP-114. Briefly, it is a single-place, twin J58 turbojet powered

superaoni;__recqhﬁ#i&s&nce type, which operates at a cruising speed of
Mach 3. 2 in the altitude range of 85,000 to[ |feet. Basic combat STAT

iangc of the type is expected to be over[  |nautical miles. : STAT

_Previous sfﬁdieé on the effect of varioﬁs tjpes of refueling missions were
lways aimed at increaslng the penetration capabiuty They always ended

‘up thh the conclusion that little could be gained in operating radius unde‘r

:,thg::g‘:_:»qu:.zgl_-rulgs s_et‘ up (r.efug:‘l}t_;g over friendly or neutr»;l}erritqrx_).

M i
4
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DISCUSSION

“In thc cnr;i.ﬂt';bt&u‘iy. a ﬁew approach is taken. No effort is made to in-

.‘ crease the penetration capability, but instead, the problems of basing

" omn foreign aoil and use of multiple bases are solved. This is done by the

: ‘fouowing metnr |

o 14. Standard KC~135 tankers, probably based in Fairb&nka Alaska,
| for most operations. wlll be used _
--5..'2._ The basic A~ ll's equipped for boo:n air-to-air refueling will be_

bued at Edwards Air Force Bgse nly.

: 3 Tankeraf-'und the A ll's will be equipped with atelhr-corrected

- The !’lights to and from the refueling points will be made at the

o altitude for beut range. Penetratiane will be flown at maximum
’ nltltude. ‘
7. No refueling operation is carried on closer than 100 miles of the

Ru.uian bordcr or coast line.
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SUMMARY
T}m study i"‘eveals'-the following conclusions:

1. It 15 entirely practical to use a _single operating base for the

A=-1] type aircraft for the mission involved. This can readily

STAT

be Edwards Air Force Base or

2. The A-11 aircra.ft is very compatible with the existing KC ~135

=

refueler at altitudes between 25, 000 and 40, 000 feet and cruise

‘ ch_h’:n'umbcrs of .70.to . 82. , P

Stcllar-inertial navigatiou greatly simphﬁes rendezvous prob- -' .

allowing very complicated routing ” o )

S :-"‘.v" -

) 5 Vé'ry obviouo security advantages are provided by using the
proposed qystém. |
6. Operating cost is greatly reduced compared to any other air-

c:aft system. -
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SUMMARY (cont.)
7. Political problems of basing are eliminated.

8. Flexibility in tactics, avoidance of enemy radar alerts from
ground information sources and more rapid data processing

'ofé p’rovided by this system.
9. Personnel and morale problems are greatly improved.

10. - _Mdch_ better maintenance, data processing and operational

/. ..7 % .. facilities can be provided. :
_The element of surprise is greatly enhanced.
The apeed of the A~ ll is such that tankers for both refuelinga |

‘ are cruising toward thexr rendezvous before the A 11 takes off A

They land after the A-11 has returned to the ground at Edwards

L »';-;,,
TR

B An-AForce Base.

The body of the report presents the basic data from which the above has

been derived.

rome wras Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6




: now ¢ outaide the penetratzon limit

- in reach of all strategically important refueling points when operating out

' Pago 5.
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MISSION CAPABILITY

Tli_e ‘mission of the A-11 airplane requires that the maximum possible
land area of Russia and China be covered at the highest altitude and speed
-possible. , Range and altitude r‘equirements are conflicting to a moderate

degreo; use of max:lmum-range altitude would increase penetration radius

A by approximately 285 nnutmal miles for an altitude loss of 7,650 feet (9%).

Siuce the higher altitude is considered to be of greater 1mportance than

=

range. the penotration limit shown in Fig. 1 was determlned by the ma.ximum-

altltude radiua Actually. the only significant coverage gaincd by uae of

lower altitude is the emall portion of Russian territory south of the’ Aral Sca '

o from the Russian coast and by the range capabxlitles of the aircra.ft from

«'&p'

’ thcir respectlve bases The KC 135's ab111ty to supply a full fuel load

i

= to the A-l,l at distances up to Z 750 nautical miles from base puts 1t wlth-

of Fazrbanks The A-11 is capable of reaching these refueling points with

adequate reserve‘s from Edwurds Air Force Base in 2. 6 hours and the
penetration leg of the mission is completed in 2.4 hours. When one-half

hour is allowed for each refueling contact (15 minutes _search and 15 minutes

Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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MISSION CAPABILITY (cont.)

for fuei-’tranfsfer-), the total duration for a maximum penetration mission

becomes -‘8'.' 54 iiours.

Fig. 2 ia a time-distance plot of this mission. The speed difference is
'such that the A ll ‘takes off only after the tankers are on their way and

hmds back a.t Edwuds before the first tanker ‘has returned to Fairbanks.

- ._,Many advantages are gained from conﬁning A-11 operations to the Air
':‘.'atf:.?Force Test Center at Edwards 1t is believed that the number of airplancs
in operation at any one time will be small =- comparable to the number re-

quired for phase testing of new combat typea. Close contractor liaison -';é. L

.~-x_'can be conveniently muintained without attracting any rmdue attention.

veag R

Tanker operationa from Fu.irbankn w0u1d continue to;'np'pﬁear routine lﬂd

i no A-:n aircra.ft would be seen in the vicinity except in case of emergency.

. :‘The comprehensive flcilities at Edwards and its proximity to thc contuc‘- o

'&‘f““"f

\f g tor a plants should be a definite aid in obtaining early opcratioml status.;_;' o

-

Since the rcaults of the mission are on film which must be processed and
analyzed, the mission should.tarmimte where this work can be done, or

from where the film can be quickly transported as required.

Operating efficiency and safety should be at a maximum when operating

Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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MISSION CAPABILITY (cont. )

from a Versatile base witp near-idea] weather conditions. There is
hardly any doubt that Pilots would prefer a single round trip from home
to a flight with stopovers at a remote base where weather is a serious
problem. The pilots' Pre=flight preparations for high altitude missions
is another factor in favor of a single long flight instead of two or three
shorter segments. Reliability is certainly not enhanced by breaking up

a mission into several flights.

Although the dual-réfueled mission based at Edwards is believed to be
the optimum, combining maximum security and efficiency, it is realized
that many diverse factors influence the choice of operation methods. Not
the leasﬁ of these is the desire for flexibility to avoid establishing a pre~
dictable operating pattern which would allow counter-measures to be set

up in advance by the Russians.

F »
or thu:v reason, the three-refueling mission capability is included in
Fi 2 . ‘ . :
18- 3 and the non-refueling and single-refueling missions are shown
i i ; i '
n Fig, ¢, From the data in this report, and by using these missions

a - (3 :
8 a guide, any number of Optional missions utilizing currently available

bases can be analyzed,

FORM 37¢7a 4
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M ISSION CAPABILITY (cont.)

STAT

o 4 '.T__._:.?‘_ T _7 ™

RS :"'Although this situntion is by no means typical, since most targcts permit
‘._,j_,much greater range margins. the extremely serious consequences of a pv A
.' missed refueling strongly suggest the dispatch of two tankers to each

refueling rendezvous. The fuel expended by the extra tanker is surely

vomw sns.s ‘APProved For-Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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MISSION CAPABILITY (cont.)

a modest ;;r_ice“t_o" pay for the added protection provided for the A-11 pilot
and the reduced possibilities of mission aborts from tanker operational

. problems.

..z mThe reliability of all aspects of the refueung operations, including pre-
cieien in meeting rendezvous schedules, ie greatly enhanced by use of
- dual tankel;s. Whether they navigate independently, or average their navi- '
' .. ﬁatieh errors .while cruising in company, the probeble rendezvous error
< -‘:-which must be closed by search maneuvers will be reduced. The added

. ,'};"target for the A Il pilot to detect visually will also simphfy hu problem CL

.and enable~him to accomp].ish the hookup in reduced time

Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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oo :_.fuel transfer c:pability of the KC 135A as a function of radius and is

'baaed .on data obtuined frOm T O -135(K)A -1, ’ . | ~

. .MA typical refueling contact would begin with the A-11 starting a deacent .
.‘ and decelemtion irom a cruise altitude of 90, 000 feet |anAd.a.-, o 'STAT

. .:.'[f’age'J‘.__s'_ V
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REFUE LING

' Complcte refneling of the A-11 can be made by a KC~ 135 tanker at . /
pointa up to Z 750 nautical miles from the tanker base. The operation

requires betwecn 10 and 15 minutes after mating. Fig. § shows the

.compatabiuty of thc A ll and the KC-135 ia such that the refueling

A

' ~-f.‘_op¢ration can be carried out within an altitude~speed band of between

<O

- 25 000 to 40 000 fect-lnd Mach O 70 to 0. 82 Mach 0. ,78>and‘35, 000 fect

: are chosen as typical. Fig. 6 shows the variation in angle of attack of

both the A-11 and KC=135 as fuel is transferred. The total angle cﬁange
between the airplanes is only about 4. 5 degrees, well within the limits

- of the refueling equipment. The thrust required for the A-11 is shown
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REFUELING (cont. )
on Fig, 7, and fafls within.the operational range of the engine.

The relativ'e\ly low wing loading of the A-11 that is dictated by the high
altitude crei'se condition results in the A-11 flying at lift coefficients of
between lZ and 29 during the refueling operation. Consequently, the

A 11 is flying weu below the stall condition and close to L/D maximum

In the analysin of the mission. fuel required for one-half hour at 35 000

feet altitude is assumed to be burned during the proceu of locating and

. S " w. a
( L R, - .
' o, . ) - L

~matiag with the tanker ' The tanker is required to make good the fuel

lburned b'g"'the A*ll during the refueling and leaves the A ll thh full S

'During the time thc A~11 is ﬂying the same course as the tanker prior L

o to hook'np and whﬂe fnel is being transferred it will cover from 75 to ';{‘j" '

\

S uo u.utrux miles before starting its chrnb back to cruisins altitude KT

a.nd cour'se. Due to geograpbical Iirmtations and the uncertamties in=
- vglved _in,predicting the exact point where hook~-up will occur, no range
credit .i."e takeﬁ'_fer this distance on the approach leg. It is assumed that
| .refuell.ing will be made along the 100 nautical mile territorial limit line
parallel to the Russian coast and the A~11 will turn to its penetration

.
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' REFUELING (cont. )

course after b'réa';king off contact. In actual practice, this distance
tréif'-ele'd’ during refueling can often be utilized for increasing the approach

leg of the mission.

STAT

shows the Telative positions of the A-1l and the KC-135 tanker » = -

fuél transfer. - S : B
X .;1 - - M - ~“'l" “3:‘ !
B ¥ S
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A-11 DESCRIPTION

For the milquibbns:c;nsidered in this analysis, the.A-ll airplane is identical
to that described in thé basic SP-114 report, except for the following
modiftlcations:

1. In-'-ﬂight“ rgfueling provisions added.

2. HEF fuel provisions deleted.

3, Improved mvigation system added.

4. Air conditioning and cooung systems modﬁied to account for

the longcr ﬂight duration

: The refneling bonm shpway ls instaued well aft of the cockpit. as shown

k signal lightu. Thc boom receptacle m 1ocated in the forward fuselage iuel

tank bay. which simpliﬁes the fnel transfer system. ,

For the reuono discusacd in the Fuel Compariaon section, the provismns

for use of HEF Incl have been deleted The weigbt saved more than com=

pensaf:ea for the weight added by the in-flight refueling equipment.

To provide the greatest possible speed and reliability in making refueling

contacts, a stellar-inertial navigation system replaces the gyro~inertial
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A~-1] DESCRIPTION (cont. ) '

system pre_viously used. This change is fully discussed in the Navigation

section.

The quantities of expendable items which are not repleniShed by refueling
(oilf. oxygen, nitrogen and water) have been increased in accordance with

~ the longer ﬂig;ht‘ duration.

-

R |
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A-11 DESCRIPTION (cont. )

WEIGHT AND BALANCE

The weight changes to the basic A~-11 are due to the removal of HEF
provisions and the addition of a refueling system, with the associated
increase in the service systems due to the longer mission time. The air
conditioning system in the basic airplane weighs 750 pounds, this includes
250 pounds of water and liquid nitrogen used during the mission, 100 .
pounda.of containers, and 400 pounds of insulation, water boiler,_ etc,
/ . For ea.ch refdeling, an"additional‘zso pounds of coolant and 100 pounds of
conta.iners must be added to the above weight. This and the other weight

: '.L i changu in thc airplane for the mlSlion with two refuelinss are 89‘.““‘.‘".“ ed .

‘-X-u Weight Empty L 35, 815

‘ Remove HEF Provisions on Engine . =360
Remove HEF Fuel System =200
— / o o Remove Air Conditioning - Total - -7_50 e -
Add- Refueling Probe-Retractable o 120
Add R_efueling System | 230
, Add Astro Correction to Nav. System 130
Add Air Conditioning = Fixed 700
L’ Weight Empty 35, 685

romesnras - Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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A-11 DESCRIPTION (cont. )

' WEIGHT AND BALANCE (cont. )

. — — .- N
Weight Empty ‘ 35,685 o

B U Sy S

Non-Expendahle Useful Load' S . .\ T

Unusable ou TR

500

Payload

Basic Weight 36,590

ey - . ' : :
‘f‘\s N -~ : . .

. . S e e R
; RPN RRIREY Lo :

o1 - o B - . 60
O"Ysen . o | : 4.0

, A\ix"'-C»‘cmd’i't.igging Coolant (Expendable) 750

e " Zero Fuel Weight 37, 440

" r'uéi;.j- g o | 57, 150

S Take-Off Weight 94,590

‘ Thevairplane balance during the refueling operation is held within the
ﬂorm;l fli-g’ht' center of gravity limits by scheduling the fuel in the fol~
lowiug'maﬁner: ] |

1. F.illisump tank,

k) o 2. Fill forward wing tanks.
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CALIFORNIA DIVISION

- .t .U/ .. _A=11DESCRIPTION (coat.)

Ty

{7 WEIGHT AND BALANCE (cont.)

Ve,

IS A oo
¥ : e L TE -
- ":.5:‘ Fiua{t,forebody ta_nk.- : 2
B ill' aft wing tanks,” :
A1l forward forebody and aftbody tanks.
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A-11 DESCRIPTION (cont.)

PERFORMANCE .

B

The performance of the A-ll airplane is 1uustrated in Fzg. 10 for a

twice refueled mission. This periormance is based on the use of JP-ISO

fuel and the allowances and assumptions enumerated in the following para=

P _e-oﬂ‘ anowance ia for start warm-up, taxi, take-off and accel—-
erats.on of the airplane to chmb speed This amount of fuel is equivalent
: to one minute at full afterburner or to ten minutes idle- plus one-half minute

on full afterburner. One-half minute of full afterburner is sufficient to

.:‘ﬁ.ggg‘;e.lerat‘e_the nirpl_a'ne from zero to 400 knots at take-off gross weight.

B Gumb is made on full afterburner at 400 knots equivalent airspeed to
74, 000 feet altitude. At 74, 000 feet, Mach 3. 2 is obtained, which is there~-

after maintained constant. The climb is corrected continuously for the

fuel consumed and for kinetic energy.

The cruise is made in all cases at Mach 3.2. On the approach and return

legs over péutral territory, the cruise is made at part throttle for the
3

best range performance. ‘Penetration cruise is made at full throttle to

oy Approved For Rélease 2004/05/13 : CIA-RDP89B00980R000400040001-6
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A-11 DESCRIPTION (cont. )

PERFORMANCE (cont.)

obtain the maximum possible altitudes -- 86, 500 feet initial and:l STAT
feet final. The penetration range can be 1ncreased at the sacrifice of
altitnde. For example. if the penetration is made at the maximum range

conditions oI the approach and return legs, the penetration range at

altitude increases from | nautical miles. an ~ STAT

STAT - increaae o:hautxcal miles The corresponding reduction in initial

(. ‘ altitude is 6 soo feet. end 8, soo feet in final altitude.

geometry #nd 10ad; factor for a 180 turn at the midpoint 'l'he net effect '

o 'I‘he ‘deecent ellowance for renge is 100 naut:lcal miles at cruiae luel con- I

sumption. K Subaequent to ées?:ent. in every cese there are 3 600 pounda |

.v_,»____,___\_a, P

oi fuel on board whieh is suﬁ'icient to ﬂy one hour at 35 000 feet altitude A
Onﬁ-half of this is a.llowed to loctte and establish refueling position with
the tanker. -~'I'he tanker makea good this fuel and the fuel burned during

refueling. l‘eeving the A-11 with full tanks.
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- A-11 DESCRIPTION (cont.)

PERFORMA NCE (cont. )
* R
Because of thé differing geographic and mission circumstances, as dis-

cussed in the Refueling section, 100 nautical miles range credit for the

distanf;e trayelled during refueling is applied to the return leg, but not to

" the ‘_:Qgppr‘oac‘h' '}e;g bf the mission,

Tgbléa 1 and I suﬁimarize the A-11 performance for a maximum altitude

L penetration mi.ai'i'oi:”with maximum range approach and return legs.
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. A-11
PERFORMANCE SUMMARY TABLET

REFUELED MISSION

MAXIMUM RANGE APPROACH & RETURN
MAXIMUM ALTITUDE PENETRATION

£

Ezroach (Base to lst refueling) o »
‘Distance ‘ | |:|n mi. - STAT

Cruise Alt. _ 81, 000 to 90, 000 ft
. Speed : _ Mach 3,2

Time = . - 2.60 hr.

Search & Reserve at Refueling Point 1.0 hr.

- Penetration (lst refueling to 2nd refueling)

'I'otal Di!tance ‘ ' ' ,ri.rxii. PR STAT
" Distance at Altitude . a.mi. .

Cruise Al. 86, 500 to . STAT
A 2,40 hr.
<.' l.Ohr-
n. mi :7 _ STAT
~ 780, 000 to 90, 000 F )
. Mach 3.2 . Lot
o -+ 3,00 h?-
. . 1.“0 _hr.. e
Lo i Time (Search Loiter & Reserve : 7 8.0hr, . T
not Included)
Airport Performance
Take-off Ground Run :
Two Engines 2,900 ft.
One Engine ' 8,400 ft.
(o Landing Ground Run Without Chute 3, 000 ft.

N
vome sreres Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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o -'MAXIMUM RANGE APPROACH & RETURN

o  MAXIMUM ALTITUDE PENETRATION
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TABLE I1

IP-150. |
Fuel
S Weight == Used . Dist. = |
Lbs. - Lbs, - N.Mi., . -/
“' F.0.G. W T 94,590 1,930 R
cumb to 81, ooo ft '. - .92,660 11,7207 IR
_ 80,940 | 39,200 .
oo 41,440 7 700 v =

l 800 lba )

Penetratxon .

e Climb 35,000 to 86 500 ft.
STAT - Gruise at 86, 500 to|:|
- at M=3.2
Descend to 35, 000 ft.

" Refuel at 35,000 ft.
| S’earc'hl.l/uz'h'r‘ .
" Refuel (with 1/2 hr. reserve -
" 1 800 lbs )

; ;'R"éfuel (with 1 /2 ﬁr. i'eserve -

38, 940

94, 290

85, 840
41,230

40, 530

38,730

40,740

(55,350)

8,450

44,320
700

1,800
£L,» ¢
(55, 350)

”1{800 o

- STAT

/<> g
~ STAT
) STAT
0
STAT

*Includes 8SQ Ibs. ‘_6( expendable weight items other than fuel (oil, oxygen,
nitrogen and water) which are consumed in the course of the mission.

RPN

N j." ;A.,. yfj v
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’ L REFUELED MISSION (cont. )

MAXIMUM RANGE APPROACH & RETURN
" MAXIMUM ALTITUDE PENETRATION

TAELE I1 (cont.)

S Fuel
o L _ Weight ~  Used Dist.
L 5_919_1;9_ o ‘ Lbs.  Lbs.  N.Mi.

. . . 1
.~ . . . .

* Climb. 35, 000-to. 80,000 ft. = 94,080 7,900 STAT
Cruise ‘at'80, 000 to 90, 000 ft. : C ' S
R a.tM 3 Z . ) 86,180 =~ 44,950 5

Descend to 35, 000 fo 40, 890 700 s

Reservea
Loiter I/Z hr. at 35, 000 ft. 40, 190 1,800

Land with 1/2 hr. reserve 38,390 1,800
CZFW - . | 36,5900

rom Srevas Apbroved Fdr Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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’ 1eg, secunty requires the maintenance of the hxghest possxble speed and
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A-1l DESCRIPTION (cont.)

SINGLE ENGINE CAPABILITY

In the 'event-of. an engine failure, there are alternate courses of action

avaﬂable the A- 11 can make good the planned mission range at subsomc

——— . ki

speed at about 50, 000 feet. or the airplane can maintain Mach 3.2 at

about 70 000 feet with a reductlon in range capability, Smce the ap=

*

proach and return lege are entxrely over neutral territory. the reduction

.:" e

in speed andvaltxtude presents no problem ' However, on the penetratxon -

]

altitude Since there is a range loss involved, it is desirable to evaluate

.the conditions under which the A-ll- can make a supersonic exit from un~

friendly territory, or must accept the risks of lower speed and altitude.

Figure 10.1 shows‘ graphically the distance obtainable on one engine at

Mach 3.2 as a funfotzion‘o!. the distance already covered on two engines.

At the begin-ning' of the penetration, the A-1l can retrace its course super-
sonically on one engine and make.an exit provided no more thnnlzlmilcs
of the ;riissian 11ia'\?e been covered. Refueling can then be aAccomplished

and t.he_ airpiiﬁéfgﬁm subsonically to its home base. Beyond :niles.

the A-11 can c'ohtinue ‘on course and schedule to the refueling rendezvous,

Between the | mile points, the planned course must be al-
7 . .

tered to suit the applicable geography in order to make a supersonic exit to a

romx s7e7a.1 vaﬁprO\./_ed Fdr.ReIe’ase 2004/05/13 : CIA-RDP89B00980R000400040001-6
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A-11 DESCRIPTION (cont. )

SINGLE ENGINE CAPABILITY (cont. )

new tankei'.rendezvous or alternate friendly base. The irregular dotted
curve shows the distance to the nearest exits from a typical penetration
course, le llxé illuatrated caee there is an exit withiﬁ~tl1e supersonic .
eingle englne fenge capability of the airplane. F\lrther analysis of the
geography mvolved indicates that there are no target areas which do not

'.‘ “provide an alternate exlt if the mlssion is properly planned

CIt hee"Beari'ellp}in, l_'.herefox:e._ that the A-1l is not only safe and reliable,

’) but also s_ecu‘re in the event of an engine failure over unfriendly territory.

Ky
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NA VIGATION

For the A- ll refueled miasion, a study has been made of the navigatmnal

‘ : tankers ataged out of Fairbanks. the tanker distance is about 2700 nautical
s mﬂes.: It follows that in 50% of the cases the tanker s rendezvous error

. -

ia more than 27 O nautical miles '

v The A—ll at the second refueling point has accumulated aC.E.P. of
5 nautical miles, Awith the uncorrected inertial guidance system previously

propos ed. .

cgzﬁbimn:g”tﬁgs”e tjiv.o C.E.P.'s, we find a C.E. P. for the distance between
the t-wo alrplaiiea of 27.5 naﬁtical miles. The upper curve in Fig. 11
shows the proba.bil.ity of the two aircraft being a given distance apart. It
can be readily seen that in 10% of the cases, for example, the airplanes

ﬂml themaelves 6?7 or more nautical miles apart. Because of the crucxal

'Approved For Release 2004/05/13 : CIA-RDP89BOO980R000400040001-6
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nature of thé zeiuel‘iiig" contact, and the undesirability of using search
radar so close to a hostile coast this precision is totauy inadequate

S S N

P
-

We ‘ptopose,-'tii'crle‘foré; the instauation. of the same type navigation equip~
ment in both aircraft - namely. the stellar-corrected inertial guidance
system. as described in Lockheed Aircraft Corporation report SP-l 14.-
’l‘he uise of this equip'riieut“wiu give aC.E. P of the distance between the
" x a.irplanes of only 2 l nautical miles The lower curve in Fig 1 shows-i
the improved distribntion 80 obtamed Now, for example, in 90% ol the " L

. “ cases the two aircraft are within 5. 2 nautical miles of each othcr. as '

contrgsted to 67 miles ‘before.

It is believed that this improvement will permit visual contact in most
cases, and eésentially eliminate the problem of missed contacts. The
vastly improved precision more than justifies the increased cost of the

refined system.

¥
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FUEL COMPARISON

| ,."si:rMﬁARY‘ -

'x.»..:'.‘ »

g .A comparison of the potential performance gains availahle from use of High

»~:’_,}Energy Fuels instead ot‘ JP-ISO shows that they are not sufficiently important T

for'thi ‘l'mission to jeopardize the time schedule and operational uttlity of

T Y

L ;:_-;l.’}";"" The lz% speciﬂc fuel consnmption improvement shown by current
afterburner testa will undoubtedly deteriorate when the boron fuel has suf-
. fered hydrogen__eyolntion from aerodynamic heating effects.

iy

2, The A-ll airplane is not volume lirnited and no gain can be shown

through the fact that High Ene rgy Fuel requires less volume than J P-150

3. ) Empty weight of the A-11 is increased 1, 215 pounds by the fuel

 system ﬂiedificetidns required.

4. . The tank vent system must be capable of safely disposing of large

quantities of Ahy'drgge_n gas as it evolves during aerodynamic heating.

I G

'0.- '1.1A 1]
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FUEL COMPARISON (cont. )

PRI
.2 -

summni (¢§££; y

D

with tqmperature. R

.’:.,.‘~
LRI
. ]

BRRERE & »‘-I_'néflight?'i.-efneli‘ng will be considerably complicated, both in the

’- P_tankerandtheA-ll. by the need to transfer and sequence two different .

o fuels;

Lo . 8 Vapor and smoke trails from High Energy Fuel may occur at all

altitudes‘. These effects if present, will greatly increase the probability of

detectxon and identification.

Several othc? drawbacks associated with use of boron fuels, such as toxicity,
cost, handling haz.ai'ds, and the attendant complicated handling procedures,

may not directly affect the A-11's reliability or performance but degrade the

.oifectivenesa of the over=-all system operation.
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FUEL COMPARISON (cont. )

A ciii'sory comparison of the heating values of H.E. F. =3 and JP-150 fuel

(25 800 BTU/lb.——vs._l‘), 100 BTU/lb.A) indicates that approximately a 30% N

¢
e

..mcreaue in airplane pezformance might be cxpected by the use of H.E F. -3,

This impreuiva number‘ has been bandied aboui in literature for the past few B

only was 12% Some of the expected but unobta.ined gain may be accounted

for by the heat required tb vaporize the boric o:dde (product of combustion)

Possible diasociatton of the molecules in the jet (ftozen equilibrium), due

to high temparature. modcrate pressure and high Mach number, absorbs

: energy _and nnless the compo_nents recombine into the product of combustion

within the nozzle some of the heating value of the fuel is not realized.

The specific gross thrust obtained by a jet of hot gases is an inverse flmctidn'
of the square root of the molecular weights of the products of combustion.
In the case of boron fuel, the molecular weights are higher than those of

hydz'-o-'car‘bon' fuels. This results in an additional loss of thrust.
) 3 : .

In order to obtain the 12% reduction of specific fuel consumption by use of

IA‘ppr'qve‘d.Fok Release 2004/05/13 : CIA-RDP89B00980R000400040001-6
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FUEL COMPARISON (cont. )

. H. E F. in tbc engine and afterburner, it is necessary to make modifications
) to the engiu and nirplane fuel syotems. In both cases, these involve weigh@:

incrgases and complications. " - o : =

g «They deteriorate when heated evolving hydrogen gas which

;"»'changes the structure of the fuel and results in lowered heating value and

‘-,'v;

t,‘increued viscosity. and eventually causes a precipitant o IR 4

L

" 3 Some of the boron fuels are pyrophoric and must be kept under -
“an inert gas. Even H E.F. -3, which is not supposed to be pyrophonc.

- nlways contains a few percent H.E,F.-2, which is pyrophoric.

4 Many of the materials commonly used in fuel systems are not

¢ompnttbloywith Bot'on fuels and substitutes must be found.

’ ﬂ"I"h.e ln?'i',enbe {n airplane weight to use boron fuel in the afterburner breaks

L Approved For Release 2004/05/13 CIA-RDP89B00980R000400040001-6
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o FUEL COMPARISON (cont. ) .
L drwa s fyitnio
- S P Weight Increase
Over JP=150 " - e N
- System Comments s

2
R

L 360 Tbs. . From Pratt & Whitney -
) ;' 80 1bs. ’ o E:d'.ra sﬁmp tan:lé

N ;?, ,;::'z'jovvlb,_,_ b Liquid nitrogen and system
SRR ST for 2 in-fught ret'uelings

200 lbs. | H E F pump, plumbing. etc.-“_'}'if‘v

R 220 1bs. - ". To wash residue from walls
- in fhght :

_ Refuelingprovisions 125 1bs. ' Three*way valve & plumbing ;
) T Total o 1, 215 Ibs.

The deposits formed in the tank by the decomposition of the fuel with temper-
) ""ature should be removed before it bakes to a hard cake. This should be
| .done by washing the walls of the tank with water~free hydrocarbon fuel. To
do this in fhght requ.ires additional tanks. lines,. valves. ctc » with a weight

increaae of at Ieast 200 pounds. The following questions always arise:

. Why do this in flight?

o3

Why not let it cake up and clean it on the ground ?

.
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FUEL COMPARISON (cont. )

'l‘o do thi’s ls an exfremely dangerous and slow operation. As the H. E F. is

heated .beyond a certain temperature, it evolves hydrogen gas; this changen

the chemical structure of the remaining fuel to variolxs complex structures.-

Some of these; .whcn mixed with sorne of the common sol\;ents. form shock

‘ : ”setﬁxsltlve erzélorlves Olin Mathieson Chemlcal Corporation has h:d several .

ca.sua.ltiea during cleanlng of apparatus which has been caked with H. E.F, |
realdue. _ Lists of acceptable solvents have been compiled whlch ean be used.-
'but Olin h;althielson arguea against allowing H.E.F. to cake up on an aircraft
fuel aystem and clewing on the ground since any safe way-of doing so would

be extremely time‘conauming and the results would be questionable unless

- a complete inepection of all components were made -~ an intolerable pro- |

) 7. cedure for‘..an operatlen&l airplane. Some of the personnel at Olin Mathieson

. were 'Q.iidg.f the lrxr;rression thal the B-70 would wash the tanks with JP fuel
du.ring"fllirgllt.' I.t' the tanks were insulated so the H. E. F. does not reach the

temperature where it decomposee, the problems created by residue deposit

. would be eliminated, but the weight increases would be prohibitive.

Fig.12 (heat of combustion of fuel - oxygen system vs. atomic number)
shows that elemental boron has less heating value than the boron fuels, the

principle reason for the high heating value of H. E. F. -3 (CaH5BgH) 3)
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FUEL COMPARISON (cont.)

being due to the hyarogen. not the boron. Whgn we heat H. E. F, -3 to a point
where it decomposes and hydrogen is evolv-ed (2and wasted), we are robbing
it of its high ehergfpotential. There are no known data available which show
the heating value of 'H. E.F.-3 at various stages of decornposition. but it ‘is

certmn that the resulta will show a decrease in heating value proportionate

“to the amount of hydrogen lost.

| Figs. 13 and 1}1 ahcw the pressure developed by Hi Cal-3 after heating to -
-dxfferent temperatures and times. It is apparent that the evolution of hy-
drogen cannot be stopped by any pressures which could be tolerated in an
hnaircraft fuel tank No 3uch curves are available for H E.F.-3, but it is

similar to Hi Ca1-3 B

’y .
A T - - [T RV N

o

Most of the metals used in an aircraft fuel system are compatible wzth the
' boron fuels however, most of the non-metaluc compounds commonly used

in fuel aystems are not compatible. notably tank sealants. To date. no

sealant has bcen found which is remstant to both the fuel and the high tem-
peratures which will be experienced in & near empty fuel tank of a high .
Mach number aircraft, where the skin temperatures will be in the order

of 450°F.
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FUEL COMPARISON (cont. )

The most promising materials for high temperature fuel resistant seal-
~ants are the fluorinated elastomers. Of the many compounds tested, only .
a few had the right characteristics for a sealant suitable for aircraft use.

The one that appeared to have the necessary qualifications was Viton "A'".

Wyandotte Chemical Company was awarded an Air Force contract to study

seatants. and thezr experience with Viton "A" in the presence of H E.F.~2

; and H E F *3 may be summanzed as follows:

515 No reaction occurred when the polymer, Viton"A", wa.s sub-

K 3
o s

ing in a.n-H‘ E' F '3 bath resulted in an exothermic reaction which caused

the temperature of the polymer to jump to 1500°F in about hve mmutes.

There_ was no fu'e or explosmn, but the polymer completely disintegrated
LK R L

and the fuel decomposed

. At some temperature less than 475°F, Viton "A" will react in

H.E.F.-2 in a similar manner.

4. The reaction described above is dependent upon the rate at which

\ the fuel is absorbed in the polymer, and the rate at which the fuel is heated.
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FUEL COMPARISON (cont. )

The néed for a scalant was discussed with both the Callery Chermcal Company
B s s ~-'~—-_~ and Olin Mathieaon.#the manuiacturers -of Hi Cal=3 and H E.F. ‘3 reapec-\

LT tiv¢ly. QN eithel’ had 8 possible solution to the problem. as they are contracted

Tto‘ préduca 'boron Iuels and do’ not have contracts to study compat;biuty other -

,uels. but as yet they have not fonnd a suitable sealant.

1 3 'rhetact thata éntio;falétofyjisealnnt has not been found does not mea‘n. that
.- there 'is not fon:é'o"r that one may not be developed, but to embnrk on the A-11

: airplane program hoping. but not knowing. that a material or process is
: | a\tp.ilnble is a r_?sky a.ssumptmn to make The A~11 program's time span is

based on firm technology and not wishful thinking or guesswork.

Tne {nert atmosphere (nitrogen gas) which must bldnket the boron fuel must
- be ca_rried aboai'd. either in high pressure cylinders, which are heavy, or’

asa liquid, which is lighter but more complicated.

The in-flight refueling of the A-11 airplane involving two types of fuel (JP-150

for main burners and H. E. F. ~3 for afterburneres) will indeed coinplicate the

o)
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FUEL COMPARISON (cont. )

+

fuel system. jeopardize reliability and add 125 pounds of weight to the re-

~

>£ue1ing transfer system in the A-1l. Extensive modiﬁcatxons-—to—the'tanker“e
equipment wou‘ld be required making it a special purpose aircra.ft, and re-

ducing either its ra.nge or Iuel transfer capabzlity

. . : A"A_A'.

'chemical warfare The problem is severe. since the smoke will persist for*

extenslve periods of time and will be visible at extreme altitudes. 'I‘he con-':

I

trdls generated by B,04 differ from moisture contrails in that the smoke .

prxncipally on diffusion and gravity settling of the larger particles.

In addi_tion, the eirern'y will probably be able to recognize that a ‘fuel other

than hydrocarbon fuel is being used, when the airplane produces a trail at

: altitudes where vapor trails would not be forecast to occur.

/!”)

The toxicity of boric oxide exhaust on vegetation is currently being investi-
gated, ‘It appears ‘that boron: fuels will have to be restricted to altitudes

above 10, 000 -feet to avoid this complication.
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FUEL COMPARISON (cont. )

N Thz aecurity problem on the A=11 program will also be hampered, since
el "—.‘ the operntional requirements demnnd approximately 50% of the propoaed }

S boron £ue1 productmn.. 'I'he disappearance of thin quaxttity of f.ixel from th¢
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- ENGINE GROWTH

, flturbme iplef é;mperature or afterburner temperature or both. as dia-

. cuased below. f

o The date recewed show that mcreasmg the turbine inlet temperature
approximately 200°F will result in approximately 7% increase in range.
The followmg curve she'we the predicted gains due to increasing turbine

inlet temperature.

ronu sreva-

~ i

A /B temp. increase

. _ 2.21 (current A-11)
T.S.F.C. M = 3.2, 90, 000 ft.
2.10 (5% decrease)
i 2.055 (7% decreaae)
3 ) '

Months after ''go-ahead"
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- ENGINE GROWTH" (co‘,;t.')_ -

al ot BCRRY: s y - -

'.: crcas . in net‘ thrust at M.-3 2. 90 000 feet. This thrust increase is

ccompamed by & 7 5% increace in S.F. C The 8% thrust increas:

_Ant co respondmg to the S F.C. increase.’ Wlth tim6. howaver.

T.S.F.C. Mz=3. 2, 90, 000 f.

i

n

[ .

! 2.21 (current A-11)
1

i

ST 18 36
ST Months after '"go-ahead"
Since the.‘s'-t;ruétt_lr#l material of A-11 is capable of M=3.5 operation
temperatufafwis”g, the prospect of increasing cruise Mach number from

M=3.2 to 3.5 was V'also" investigated. The results, using the current

D
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Increasing tb.e aiterburner temperature 200°F will result in an 87. in=

wou uld rovide appro:dmately '1,,:, 5‘00 feet 1n altitude bnt with a range de~ R
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ENGINE GROWTH (cont. )

engine with-"xfr‘xva;‘.e;ial and design changes required for Mach 3.5 operation N

show-‘on'ly m?éihal.gains. since the engine changes cost approximately

100 ,153. of ”wfe.ight i:ér engine. The thrust gain with increasing Mach

' number is quite ’:s_ma}l above 3.2 as shown below.

Net Thrust: -
Fn'

3.0 3.2 3.5
Mach No.

The reason for the l;veling off of thrust is that the ram temperature rise
at M=3.5 approaches the allowable turbine inlet temperature, thereby
limiting fuelvaa‘dition. Additiongl thrust may be‘achieved.:by increasing
engine airflow tixrough use of higher engine RPM, but this will be limited
and would require a major redesign and a weight increase of approximately

1000 pounds.

The engine manu?acturer has, however, recently proposed another

method of modi{yipg the J-58 engine to achieve Mach 3.5 capability
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MISCELLANEQUS (cont. )

ENGINE GROWTH (cont. )

which shows considerable promise. The method, which will require

approximately three years for development, consists of converting

P

the conventional turbojet to a bleed=bypass engine. The effect of the

‘ bleed-bypass engine on the A-~ll performance is discussed in the:

} Appendix of this report.

A
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. MISCELLANEOUS (CONT.)

.c'-o'mm DETECTION

" “study of the available data on contrail formation was made. It was

- gsvgﬁii:qe'd that only Hi—rdr_oc’ar'b'br'x fuels would be used.

g -Nun;erousAinvbes‘tig;tionsﬂ have been made on contrail formation. A
fundamenfal s.'tu'dy" w-as made by' the Cornell Aeronautical Laboratory
(CA L) to imd the temperatures and pressures at which liquid water could
- exist nged'on 4a1t,itu'de chamber tests, CAL was able to set up a cri~
te;ion of coxitr#ii defect'ion as a function of temperature. The CAL re-
six‘l.'ta:‘wé'r_;i:c;rrelated with Air Force flight data. These criterion are

—

Plotted in a slightly revised form and presented in Fig. { >

Fig lﬁfls,hc.ow's‘-'a plot of altitude versus temperature with regions in

whi’c.h coﬁtrailg_ will never form, always form, or may form, depending
upon th_é amount of moisture in the ambient air. Also plotted for

reference in Figf.";b/is the ARDC Model atmosphere -=- the current standard

oty
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MISCELLANEOUS (CONT.)

: coNTRAIL DETECTION (cont.)

e —

- checked with ﬂight data The data correlated extremely well The

e Rt

: 'ﬁrobgbi lity. data on contraﬂ formation is partially reproduced below

| G from tileabove report for JP-4 fuel

o

Probability of Gontrail Formation ;
JP~4 Fucl Northern Hemisphcre

Percentage . J anuary

o
o -
[~ ]

o

Altitude/Latitude( N) 20 .30 - 40 50 60
-(1000'£t.) - »
- 100 0 0 0 o' 0 0 1.
. .90 T 0 0 0 0 0 0 4
. -.1.80. IR« B | 0 0 0 3 5
~ R {1 .ot 0 03 0 0 1 7. 24
Lo L 60 . 99 - 74 8 3 12 20 28
AL . Percentage -~ April L
. 100 .0 - 0 0 0 0 0 0
‘-,190_’.@,;5 -0 0 0 0 0 0 0
80 . S0 0 0 0 0 0 0
70 3 1 0 0 0 0 0
T 60 .. - 99 65 4 0 0 0 0
’ " - Percentage - July K
100 0 0 - 0 0 0 0 0 0 0
% - - 06 . 0 0 0 0 0 0
80 - 00 0 0 0 0 0
. 0 0 0 0 0 0 0
60 98 70 10 0 0 0 0
R - Percentage - October ’
© 100 - 0 0 0 0 0 0 0
90 ' o 0 0 0 0 0 0
80 .3 0 0 0 0 0 0 0
- 70 2 1 0 0 0 0 0
60 . . 98 90 - 30 8 3 1 2

ronu srevA-1
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/o(//m/ AIRCRAFT CORPORATION

‘) , CALIFORNIA DIVISION

MISCELLANEOUS (CONT.)

chTRA'ILDE’TEcTION (cont.)

— e - - - - - \

day, the polar atmosphere, and the Mﬂ Std, ZIOA extreme .cold day.

e which supersedes the ANA 421 cold day. The tropicaI day was left oﬂ

.y‘:,_ti-;), A

 STAT
B "E:Z,i feet wzll notwhave a contrail problem. The extreme cold day shows that '
“) Y contrail formatlon is possible. however, these condxtlon.s are not very .

probable _;;’: o .

Cornell findings also indicated that whereas contrails with a small con~

tent of water ¢an be seen in bright sunhght with clear skies. under cloudy

conditions only contrails with much greater water content can be detected.

A thoron;gh study of contrail prediction and prevention was also made by
ARDC, _The results of this study are presented in Secret Report No. -
AFCRC-TN~58~451 This report deals with contrail problems at lower
altitudes (30' 600ﬁto 50, 000 feet) and the use of alternate fuels to minimize

contrail formatibﬁ. A methbd of contrail prediction was derived and was
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ﬂ} : _— ‘ CALIFORNIA DIVISION
MISCELLANEOUS (CONT.)
o CONTRAIL- Ds'rscnon (cont. )

':~ [y : y et ) v S _"~ ) L A;jff— _ , }
.-ij'rhe table shows that at altitudes between 90,000 to :Ileet the

: probability of contrail formatmn il zero, except at 80° N. latitude.
whex'e probabiuty 15 between 1 to, 4%, which is almost negugible. At

,-o:' 60 000 feet and below. the probabilities become very large. '
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MISCELLANEOUS (Cont, ) ar
SHOCK°WAVE NOISE PROBLEM E [

»

'I‘he operetion’ of,‘a. large number of supersonic airplanes over populated

thef ehockjwave noue genereted,by,

I

LIRS

fllsht path in order to detect and 'vector the course,

X ._" J . .
Numerous theoretieel methods of predicting the presasure amplitudes

- I . - I
B

generated by eupereonic aircreft are available. All of these theones. .

*v

however. coneider only a homogeneous atmosphere and thus neglect such

' 2o ':i atmoephertc attenuation factors as: (1) factors wluch affect the variation

. o m epeed of eound in atmoephere (temperature, moieture coutent. dust

S content cloud cover). (2) factors tending to disperse the duturbence ‘
R 7

(wmd grudients, turbulence). (3) factors effecting euergy dlesipation |

) ‘: s (viacoeity. molecular energy tremfer) (4) factors directly dﬂ'ecting

2
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CALIFORN!A DIVISION

MISCELLANEOUS (cont. )

SHOCK*WA VE NOISE PROB LEM (cont.)

-;..

nd'type of terrazn. _ Most of the above &ctorc tend -

A-.The equations are quite involved and cannot be aolved readily except

4
fcr aimple body and wing planforms Numerous other theories are avail'

o able but most of them neglect the lift contnbution. which is partlcularly

xmportant at altxtudes above 35, 000 feet.

The best simplified equation is the one presented by Maglieri and Carlson
of NASA., first presented at the NASA Conference on Aircraft Operational
Prqbiems in ‘:Novgmber, 1958, and later issued as NASA Mémo 3-4-59L.
Thia'pgper 'p.re';;s'eft_;ts' a theory which accounts only for the volume compo-~
nent for nolse and assumes a shape fagtor to account for the area and lift

distribution, It also includes a ground reflectivity constant not included

FORM B3Y87A.1
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"MISCELLANEOUS (cont. )

-SHOCK*WA VE NOISE PROBLEM (cont )

4. fi,"in the other theories. X The paper also compares its theory with somc

‘ “ effect ot’ Mac mtmber is greatest between 1.0 and L 3{: with only a alight

'.?, N

L increaac with Mach numbers above 1. 3 The effect of siae is secondary.
;.At altitudes abova 85 000 feet the noise generated is not objcctionable

‘ to ground observers. "

_Using the' NASA theory, the pressure amplitudes generated by the A-11.
_»}Au’plane during olimb and cruise were calculated and sre prcaented in
Fig. 16 The calculated data tend to be conservative aince a homogeneous

atmosphere, a maxlmum ground reflection factor of 2, 0, and a minimum

v

- overnll ﬁncnos- ratxo of 8.9 for the A-11 were asaumed The curve in- ‘

) o dicateo that the A-ll will operate in a region of a barely audible explosion. -
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/o(n//nm/ AIRCRAFT CORPORATION

MISCELLA NEOUS (cont.)

SHOCK'WA VE NOISE PROBLEM (cont )

throughout 1ts cruise. A small M 4 0 dclta ahupcd alrplune cruismg at

St :\- o
; S 100; 000 feet is also plotted and falli in the same noise spectrum. Theae Fa '

<,

re,sults would be typical for any supersonic au-plane flying at 90 000 fect

l

t was neceuary 'to lnuke two basic aasumptlons for the A-ll airpla.ue in l
oz"der to intcg:;ate complex equations (=) the body is parabolic and

(b) the llft dlstribution is linear for the wing. . Both of these aasmnptlon.l
are qmta reasonable The results of the calculation at 90, 000 feet fall

within the noise spectrum predicted by NASA theory as noted in Fig, 16

i
Also plotted in Fig. 16 are flight test data for the F~101, F-104‘and the

B-58 airplanes, and a calculated spectrum for the B~70 airplane.

It is interesting to not“evt_lmt the F-I01 test pointbio one in which s large'
plate glass window (128 in. x 90 in, ) in the vicinity was cracked. The
Pressure amplitude of approximately 2 psf is equivalent to a 28 mph wind
velocity Accordﬂxg to a glass manufacturer’s’ citalogue this slze glasa

panel should be able to withstand a steady loading of 8 tlmes thls pPressure.

A;)provéd For Release 2004/05/13 : CIA-RDP89800980R000400040001-6
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-ll overpressure was calculated uamg the complex Witham theory. It - -
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/(f(//ﬂ(’(/ AIRCRAFT CORPORATION

‘3 i CALIFORNIA DIVISION

MISCELLANEOUS (cont.)

SHOCK-WAVE NOISE PROBLEM (cont. ).

Therefore the glua cncking may have been due to atresses 1n the glass

e . , causod by imprope:dnstalhtionor 1nadequate aupport Similar windows K
IS AN % ’

, in the area did hot break Much more information is. required bet'ore

co "lusxva cor:elation with dama.ge can be made, T

lat"ra; ?'spread howevcr 15 of considerablc lnte:est The only

N t..v,

data.avaﬂablf is thpt given 1n the NASA report. The utter preunts flight '

4:\.11‘. ’

M} | test 'd.ta for & E 10u airphne ﬂying at 35 000 feet, M L 3. _ This fugm,

E '. Z'gencrated an overpressure of 1 ‘6 psf a.long the ﬂight path, which dissipatsd to
'"':hali’ this value;mx hteral distance of 10 miles and to zero in 15 miles. The

: 'sharp "cutoff" is attributed to refraction effects which are associated with

: Atemperature gradients in the atmosphere

It should be noted that the higher overpressure values occurring at lower
altitudes would not pose a problem with the A~11 airplane since these would
occur only in the Edwarda Air Force Base region und‘f! the proposed operating

8c hedule

Dl s 'Appro\}gd,Fbr‘Reléas’e,,fzoo4105/13:‘c|A-RDP89|300980'Rooo4ooo4ogo1-6 .
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APPENDIX

"PERFORMANCE GAINS WITH

SRR -, % 'THE J-58 BLEED-BYPASS

P

i E;a_t_t_& _Whitney has recently supplied some advanced data on a bleed~ N ~.v
.’. ’1 ;o

b’ bypass modxfication of the J 58 engine. The bleed-bypass engine will

l S provide a Mach 3 S cruise capability for the A 11 alrplane and an average

‘:_A-tand takeoif weight essentmlly the same as that established for the au‘plane

>4'|

) equipped with the standard J 58 engine.

."" '
e .
ot

. The ezig.ine modification consists of ducting approximately 20% of the

A eoxhpi'eesed' \airifllo:w through the fourth stege bleed ports to a shrouded
turbine. In dhi.;s-r"nanner. turbine inlet tempefature cad be substantially |
e radsed wit“h dniyi a.sehall increase in structural weight. The shroud pro- .
vides the structural portzon of the turbine and is cooled by the bleed flow.

The design is achieved with no increase in engine frontal area.

The performance i.mprovement of the bleed-bypass engine relative to the
o 4‘_“:{“‘: conventional J~58 turbojet at M=3.2 and 3.5 is given below for three (3)

different altitudes:

- - ~ Altitude (feet) STAT
RN Mach No.. 12|35 32 |as 3.2.]3.5

\D B . Increase in Net Thrust, % 15 | 22.4  13.6 | 23.7 13.3 | 22.7
o ne,ag_g,; in SFC, % o | o L3 | o L3 1 o

e Abp%&gd;Fo}.éél'eaée-‘zoo_'zt/os_maj: CCIA-RDP89B00980R000400040001-6
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... . -.. APPENDIX (cont.) .
When the bleed bypass engine operating at M=3.5 is compared to the
: current engine operating at M=3. 2, the net thrust increase ranges from

R 26 to 30 percent with an_ SFC increase _of 4_percent O

BN
!
i

: bipass featu‘re which increases mﬂow approx:lmately 20 percent and re-

‘,J -

o duces turbine inlet tempe rature The engine manuiacturer est:.mates

-. ._( E x. ‘7

that an approximate three-year period would be required £or this de-
Yevlepl;rxent‘.:_". ] ‘:’.i . |
ToaA 'I;reliminaryiz‘ri‘.x}ejlvy'sis.of the limited ‘engine data available shows: that
at constant airpla“ne weight ‘the fuel economy as defined by nauticel miles
per pound is i.ncAreased by more than three percent at the higher Mach 3.5
| cruise speed. The improved economy occurs deséite the increased enéine
SFC's because of the higher cruise speed. The increased miles per pound
decreases the fuel required for each eruise period by about 1,000 pounds.
The zero fuel weight can therefore be increased by 1, 000 pounds without

increasing the initial weight.

> ":\ ',
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APPENDIX (cont.) ‘
The airframe weight increment necessary to provide a Mach 3. 5 capability
has not been well deﬁned due to the um1ted time that the engine data has

Yy e
been avaﬂable. The prelimmary work does indicate t] that the 600 pounds re-

%

maxmng a_fter increasing the engxne weight by 200 pounds each will cover

A
AN

the major changes neceasary.

. . - N [ . B L . . . ' 1
o . . .

It appears that the bleed-bypass modxfxcatlon to the J-58 engine will in-'

Increasing cruise Mach to 3. 5.

Increasing cruise ‘altitude fo 90,000 feet at penétration and

feet'at the end of cruise, an average of about 3, 000 feet.

These gains accrue for the same mission radius and essentially the same

takeoff weight ' | ‘
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